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(54) ENTIRE SOLID LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate occurrence of 
leak of an electrolyte, improve safety, and improve a 
charge/ discharge cycle characteristic by impregnating 
solid electrolyte and electrodes with a polymeric solid 
electrolyte containing solute and polymerizing them. 
SOLUTION: Polymeric solid electrolyte containing solute 
is impregnated into a pair of electrodes 4 comprising 
solid electrolyte 5 using lithium oxide containing 
transition metal such as Ti, V, Cr, Mn, Fe, Co, or Ni, a 
positive electrode 2, and a negative electrode 3, and 
they are polymerized. This polymeric solid electrolyte is 
composed of one or plural kinds of polyethylene-oxide 
polymeric solid electrolyte and polypropylene— oxide 
polymeric solid electrolyte, and the solute is composed 
of one or plural kinds of LiBF4, LiN(CF3S02)2, LiC 
(CF3S02)2. Thus, a contact area of the solid electrolyte 
5 and the electrodes 4 can be increased, therefore, 
movement of lithium ions following a charge/ discharge 
reaction is smoothened, and internal resistance of this 
secondary battery can be reduced. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] All the solid-state lithium secondary batteries characterized by having infiltrated the 
aforementioned solid electrolyte and the solid polymer electrolyte which contains a solute in an 
electrode in all the solid-state lithium secondary batteries formed combining the material which 
shows a solid electrolyte, the occlusion of the ion accompanying an electrochemical oxidation- 
reduction reaction for an electrode, and a discharge phenomenon, arid carrying out a 
polymerization. 

[Claim 2] The aforementioned solid polymer electrolyte consists of any one sort of a 
polyethylene-oxide system solid polymer electrolyte or the polypropylene oxide system solid 
polymer electrolyte, or two or more sorts, and the aforementioned solute is LiBF4, LiN (CF3 
S02)2, and LiC (CF3 S02)2. All solid-state lithium secondary batteries according to claim 1 
characterized by consisting of any one sort or two or more sorts. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[The technical field to which invention belongs] this invention relates to all the solid-state 
lithium secondary batteries that used the solid-state-like electrolyte as an electrolyte. 

[ 0002 ] 

[Description of the Prior Art] Although the various cells which used the electrolyte of a drainage 
system or a non-drainage system for inter-electrode [ of a positive/negative couple ] were 
developed from the former, it was not what should be satisfied in respect of the rate property in 
charge and discharge, a cycle property, a preservation property, or an energy density with the 
thin shape of video photography equipment in recent years, a notebook computer, or a portable 
information terminal equipment like a cellular phone, and a lightweight miniaturization. 

[0003] As a cell with which are satisfied of such many properties, the research and development 
of a rechargeable battery which have a high energy density are briskly done by the high voltage, 
and the lithium secondary battery which used the metal lithium for the negative electrode is in 
the limelight as an object for the power supplies of a portable information **** device as a 
lightweight and reusable small rechargeable battery especially. 

[0004] However, although this metal lithium was rich in reactivity, since the conventional lithium 
secondary battery used the metal lithium for the negative electrode, and there was a possibility 
of igniting suddenly with the material which is easy to burn, there was an essential problem in 
respect of security. 

[0005] In order to solve such a problem, the lithium secondary battery which transposed the 
negative electrode to the material which has the layer structure of a graphite etc. as a material 
which constitutes an electrode is proposed (refer to JP.7-1 2226.A). 

[0006] However, since this lithium secondary battery is using as the negative electrode the 
graphite which has the layer structure, Various end groups, such as a quinone machine combined 
with this graphite front face and a ketone group, have many which are easy to be returned 
electrochemically. In the 1st initial charge reaction, gas occurs by the electrochemical-reduction 
reaction related to the end group and the electrolyte, and the internal pressure of a cell rises. 
Since the cell exploded, degradation of a cell performance arose and also the inflammable 
organic system electrolytic solution which dissolved lithium salt in the electrolyte was used, 
there was a problem of a liquid spill and there was a problem that the edfety of double Mie was 
required, too for safety reservation. 

[0007] Moreover, the solid electrolyte which consists of an organic macromolecule and the 
organic system electrolytic solution is made to intervene between the positive/negative poles of 
a couple, and the lithium secondary battery which pressed down the electrolytic fluidity is also 
proposed (JP, 8-31 5855, A). 

[0008] However, this lithium secondary battery contains the organic system electrolytic solution, 
and in the charge-and-discharge process at the time of an elevated temperature, this organic 
system electrolytic solution starts a decomposition reaction, it generates gas, and there is a 
problem that the internal pressure of a cell rises. 

[0009] 
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[Objects of the Invention] this invention aims at offering all the solid-state lithium secondary 
batteries whose cycle properties of charge and discharge accomplished in view of the technical 
problem of such conventional technology, the electrolyte generated gas in the oxidation- 
reduction reaction, and exploded, or canceled that an electrolytic liquid spill etc. occurred, and 
were excellent in safety, and improved. 

[ 0010 ] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, according to 
all the solid-state lithium secondary batteries concerning this invention, in all the solid-state 
lithium secondary batteries formed combining the material which shows a solid electrolyte, the 
occlusion of the ion accompanying an electrochemical oxidation-reduction reaction for an 
electrode, and a discharge phenomenon, the aforementioned solid electrolyte and the solid 
polymer electrolyte which contains a solute in an electrode were infiltrated, and the 
polymerization was carried out. 

[0011] Moreover, in all the above-mentioned solid-state lithium secondary batteries, the 
aforementioned solid polymer electrolyte consists of any one sort of a polyethylene-oxide 
system solid polymer electrolyte or the polypropylene oxide system solid polymer electrolyte, or 
two or more sorts, and the aforementioned solute is LiBF4, LiN (CF3 S02)2, and LiC (CF3 S02) 

2. It is desirable to consist of any one sort or two or more sorts. 

[ 001 2 ] 

[Function] In all the solid-state lithium secondary batteries of this invention, from not using a 
liquid, especially the organic system electrolytic solution for the electrolyte An electrolytic liquid 
spill is lost and an electrolyte does not cause moisture, air, and a reaction further, moreover, 
from infiltrating a solid electrolyte and the solid polymer electrolyte which contains a solute in an 
electrode, and carrying out a polymerization In elegance, a solid polymer electrolyte will exist in 
the opening of the solid electrolyte particle in the state near a point contact, and an electrode 
active material particle conventionally. The touch area of a solid electrolyte and an electrode can 
be made to increase, movement of the lithium ion accompanying a charge-and-discharge 
reaction becomes smooth, and it can consider as all the solid-state lithium secondary batteries 
that are excellent in a rechargeable battery property. 

[0013] 

[Embodiments of the Invention] Hereafter, the operation gestalt of all the solid-state lithium 
secondary batteries of this invention is explained in detail based on an accompanying drawing. ae 

Drawing 1 is the cross section showing 1 operation gestalt of all the solid-state lithium 
secondary batteries of this invention. In drawing 1 , 1 is all solid-state lithium secondary 
batteries that consist of a positive electrode 2, the electrode 4 of the couple which consists of a 
negative electrode 3, and a solid electrolyte 5, the positive electrode 2 and negative electrode 3 
which accomplish the electrode 4 of a couple are applied to a charge collector 6, are formed, 
make a solid electrolyte 5 intervene between the electrodes 4 of a couple, and sheathing of them 
is carried out and they consist of packages 7 which can hold airtightness. 

[0014] All the solid-state lithium secondary batteries of this invention show the occlusion and 
the discharge phenomenon of ion accompanying an electrochemical oxidation-reduction reaction, 
and an electrode 4 and a solid electrolyte 5 consist of combination of the material which has the 
charge and discharge potential mentioned later, this phenomenon is shown, and especially if it 
has predetermined charge and discharge potential, they will not limit them. For example, LiCo02, 
LiNi02, LiCr02, and LiV02, LiNil/2 Col/2 04. LiMn 204, and LiMn02, Li4 Mn5 — 012, LiTi02, 
LiFe02, LiRu02, LiW02, lambda-MnO 2, V2 05, Li4 Ti 5012, anatase type Ti02, and Nb 205 etc. 
— a well-known material can be used 

[0015] If the electromotive force of a rechargeable battery is taken into consideration, it is more 
suitable that it is desirable for the difference of the charge and discharge potential of the 
material which constitutes an electrode 4 to be size, and the charge and discharge potential of 
the material which constitutes a solid electrolyte 5 is still lower than they. For example, the 
active material which constitutes an electrode 4 consists of the material whose charge and 
discharge potential of a positive electrode 2 is 2.5-4.0V by making a metal lithium into a 
reference potential, and it consists of the material whose charge and discharge potential of a 
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negative electrode 3 is 2.0-3.0V, and, as for a solid electrolyte 5, it is more desirable to consist 
of the material the charge and discharge potential of whose is 1.5-2.9V by making a metal lithium 
into a reference potential. 

[0016] A metal lithium is made into a reference potential, the charge and discharge potential 
makes low material the material of a solid electrolyte 5 most, the material which shows middle 
charge and discharge potential is applied to the active material material which constitutes a 
negative electrode 3, the material which shows the highest charge and discharge potential is 
combined as an active material material which constitutes a positive electrode 2, by making a 
metal lithium into a reference potential, that the difference of the charge and discharge potential 
of a positive electrode 2 and a negative electrode 3 is large can obtain higher charge and 
discharge potential, and it serves as a desirable combination. That is, the charge and discharge 
potential of all the solid-state lithium secondary batteries of this invention is because it is 
determined by the difference of the charge and discharge potential of a positive electrode 2 and 
a negative electrode 3 like other rechargeable batteries. 

[0017] It is LiCo02 the charge and discharge potential specifically indicates about 4 V to be by 
making a metal lithium into a reference potential. If it chooses as an active material material 
which constitutes a positive electrode 2 LiMn02 charge and discharge potential indicates about 
3 V to be to the active material material which constitutes a negative electrode 3 It can choose. 

It is desirable to use for the material of a solid electrolyte 5 Li4 Ti 5012 which shows the charge 
and discharge potential of about 1.55 V, for example from it being more nearly required than the 
charge and discharge potential of the active material material which constitutes a negative 
electrode 3 to be what has low charge and discharge potential further. If a layered product is 
formed as a positive electrode 2, a negative electrode 3, and a solid electrolyte 5, respectively 
and the charge and discharge potential is measured with this combination, it can check that the 
charge and discharge potential of about 1 V is shown. 

[001 8] moreover, as an example which uses a metallic oxide for a negative electrode 3 Anatase 
type Ti02 the charge and discharge potential indicates about 1 .8 V to be to the active material 
material which constitutes a negative electrode 3 by making a metal lithium into a reference 
potential It can choose. LiMn 204 charge and discharge potential indicates about 4 V to be to 
the active material material which constitutes a positive electrode 2 It chooses. If charge and 
discharge potential furthermore chooses as the material of a solid electrolyte 5 Li4 Ti 5012 
which shows about 1.55 V, a layered product is formed as a positive electrode 2, a negative 
electrode 3, and a solid electrolyte 5 combining these, respectively and the charge and discharge 
potential is measured, it can check that the charge and discharge potential of about 2.2 V is 
shown. 

[0019] As for a solid electrolyte 5, it is optimal that it is the lithium titanate (Li4 Ti 5012) which 
the lithium oxide containing transition metals, such as Ti, V, Cr, Mn, Fe, Co, and nickel, is used, 
and the lithium oxide containing transition metals makes a metal lithium a reference potential 
from the point of latus in selection of such a combination, and has the charge and discharge 
potential of 1.5-1 .6V. 

[0020] Thus, if it forms combining the material which shows a solid electrolyte 5, the occlusion of 
the ion accompanying an electrochemical oxidation-reduction reaction for an electrode 4, and a 
discharge phenomenon, since the deposit reaction of the lithium accompanying a charge-and- 
discharge reaction can be suppressed since the metal lithium is not used for a negative 
electrode and the organic system electrolytic solution will not be used, a liquid spill cannot 
occur, but safety can be raised. 

[0021] While all the above solid-state lithium secondary batteries add and prepare the binder 
which changes from the organic substance of a Teflon system or a styrene system to solid 
electrolyte material, a positive electrode 2 and a negative electrode 3 add, prepare and cast the 
binder which consists of the additive which makes electronic conductivity, such as acetylene 
black, KETCHIEN black, or a graphite, give active material material, and the organic substance of 
a Teflon system or a styrene system, and are formed by heat-treating at the temperature of 
about 80-200 degrees C. 

[0022] In all the solid-state lithium secondary batteries of this invention, a solid electrolyte 5 and 
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the solid polymer electrolyte which contains a solute in an electrode 4 are infiltrated, and a 
polymerization is carried out This solid polymer electrolyte consists of any one sort of a 
polyethylene-oxide system solid polymer electrolyte or the polypropylene oxide system solid 
polymer electrolyte, or two or more sorts, and a solute is LiBF4, LiN (CF3 S02)2, and LiC (CF3 
S02)2. It consists of any one sort or two or more sorts. 

[0023] Thus, if a solid electrolyte 5 and the solid polymer electrolyte which contains a solute in 
an electrode 4 are infiltrated and a polymerization is carried out, while a solid polymer electrolyte 
can exist in the opening of a solid electrolyte particle or = electrode active material particle, it 
can make the touch area of a solid electrolyte and an electrode increase and movement of the 
lithium ion accompanying a charge-and-discharge reaction will become smooth, the internal 
resistance of a rechargeable battery can be reduced and it can consider as all the solid-state 
lithium secondary batteries that are excellent in a rechargeable battery property, especially a 
cycle property. 

[0024] As a solid polymer electrolyte, it is desirable to use any one sort of a polyethylene-oxide 
system solid polymer electrolyte or the polypropylene oxide system solid polymer electrolyte or 
two or more sorts. Although there are solid polymer electrolytes, such as a polyethyleneimine 
system, a polyalkylene sulfide system, and a polyvinyl-pyrrolidone system, besides a 
polyethylene-oxide system solid polymer electrolyte or a polypropylene oxide system solid 
polymer electrolyte, the polyethylene-oxide system or the polypropylene oxide system solid 
polymer electrolyte is chemically stable at a charge-and-discharge home, and has the feature 
from which a deposit of a lithium ion cannot take place easily. 

[0025] As a solute, they are LiBF4, LiN (CF3 S02)2, and LiC (CF3 S02)2. It is desirable to use 
any one sort or two or more sorts, these — others — LiCI04, LiPF6, and LiAsF6 etc. — 
although it is — LiBF4, LiN (CF3 S02)2, and LiC (CF3 S02)2 etc. — it is thermally stable in a 
polyethylene-oxide system solid polymer electrolyte or a polypropylene oxide system solid 
polymer electrolyte, and withstand-voltage nature is high 

[0026] A polyethylene-oxide system solid polymer electrolyte or a polypropylene oxide system 
solid polymer electrolyte can add polymerization initiators, such as a peroxide system or an azo 
system, to the solid polymer electrolyte in which the solute was dissolved previously, and they 
can be made it to carry out a polymerization promptly by optical irradiation or heating. 

[0027] In addition, as a charge collector 6, metallic foils, such as aluminum (aluminum), copper 
(Cu), or nickel (nickel), can be used. ■ c 

[0028] Moreover, if airtightness can be held, there is no limitation of the quality of the material in 
a package 7, for example, it can use a metal or shrink cases, such as lamination material made 
from aluminum, nickel (nickel), and aluminum (aluminum), etc. for it. 

[0029] 

[Example] Next, below, as all the solid-state lithium secondary batteries of this invention were 
explained in full detail below, they were evaluated. 

[0030] (Example) It is LiCo02 first as an active material material which constitutes a positive 
electrode. After mixing [ acetylene black ] 9 % of the weight for 1 1 % of the weight and a Teflon 
system binder as an additive which makes electronic conductivity give to 80% of the weight, 
addition mixture of the organic solvent well-known into this mixture was carried out by the same 
weight ratio, and the paste for positive-electrode formation was prepared. 

[0031] After mixing [ acetylene black ] 9 % of the weight for 1 1 % of the weight and a Teflon 
system binder as an additive which makes electronic conductivity give Li4 Mn 5012 to 80% of 
the weight as an active material material which constitutes a negative electrode on the other 
hand, addition mixture of the organic solvent well-known into this mixture was carried out by the 
same weight ratio, and the paste for negative-electrode formation was prepared. 

[0032] Subsequently, after having applied the object for positive-electrode formation, and the 
paste for negative-electrode formation on this aluminum foil, respectively, making it fully dry, 
using an aluminum foil with a thickness of 20 micrometers as a collecting electrode plate and 
removing a solvent, it adjusted so that the thickness of 80 micrometers and a negative electrode 
might be set to 75 micrometers in the thickness of a positive electrode by roll pressurization. 
[0033] On the other hand, after mixing [ Li4 Ti 5012 ] 10 % of the weight for a Teflon system 
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binder to 90% of the weight as a solid electrolyte, addition mixture of the organic solvent well- 
known into this mixture at the same weight ratio was carried out, and the paste for solid 
electrolyte formation was prepared. 

[0034] Next, after having applied the obtained paste for solid electrolyte formation to the 
positive electrode or the negative electrode, fully drying it and removing a solvent, roll 
pressurization adjusted the thickness of a solid electrolyte to 20 micrometers. 

[0035] therefore — this example — a metal lithium — a reference potential — carrying out — 
charge and discharge potential — about 4 — V and highest LiCo02 the active material of a 
positive electrode — carrying out — about 3 — Li4 Mn 5012 which has the charge and 
discharge potential of V — the active material of a negative electrode — carrying out — charge 
and discharge potential — about 1.55 — an electrochemistry element is most constituted with V 
by making low Li4 Ti 5012 into a solid electrolyte 

[0036] Moreover, the solid polymer electrolyte which makes the above-mentioned layered 
product carry out sinking-in hardening is LiBF4 which serves as a solute in the polyethylene 
oxide which exists in the shape of a monomer at 92% of the weight. It dissolved 8% of the weight 
LiBF4 After making it dissolve in a N-methyl-2-pyrrolidone in advance, it was made to mix with a 
monomer-like polyethylene oxide, since it is hard to dissolve in a polyethylene oxide directly. 
After infiltrating this mixture into the above-mentioned layered product and carrying out 
evaporation dryness of the NMP at predetermined temperature, the solid polymer electrolyte 
was infiltrated and the polymerization was carried out It finished setting up the obtained layered 
product in the airtight cell for measurement. 

[0037] At the temperature of 120 degrees C, after starting the electrode which put the electrode 
and solid electrolyte layer which were obtained in this way in the size of 30mm angle, since a 
vacuum drying was carried out, two electrodes were stuck, the layered product was produced, 
roll pressurization was carried out further, and adhesion was raised for 2 hours. 

[0038] (Example of comparison) It is LiCo02 as an active material material which constitutes a 
positive electrode. Except having adopted Li4 Mn 5012 as an active material material which 
constitutes a negative electrode While adjusting the positive electrode to 80 micrometers in 
thickness like the example 1 so that it might become 75 micrometers in thickness about a 
negative electrode, it adjusted to 20 micrometers in thickness like the example 1 except using 
Li4 Mn 5012 as a solid electrolyte. 

[0039] Moreover, in this example of comparison, sinking— in hardening of a solid polymer 
electrolyte is not performed to the above-mentioned layered product. After starting the 
electrode which put the electrode and solid electrolyte layer which were obtained like the 
example 1 in the size of 30mm angle, Since the vacuum drying was carried out at the 
temperature of 120 degrees C for 2 hours, the lamination layered product was produced, roll 
pressurization of the two electrodes was carried out further, and adhesion was raised, and it 
finished setting up the obtained layered product in the airtight cell for measurement 
[0040] The cell for evaluation obtained in this way is used. (Evaluation) With a charging and 
discharging device It charges to 2.5V with the current of 500microA as charge conditions at the 
cell for the aforementioned evaluation. After reaching 2.5V, voltage suspends charge, holds for 5 
minutes, and discharges by the discharge current of 500microA to the voltage of after that 0.5V. 
Next, it charged to 2.0V again, the charge-and-discharge cycle examination which suspends 
charge and is held for 5 minutes was performed after reaching this voltage, and the cell 
performance as a rechargeable battery was evaluated in quest of electric discharge quantity of 
electricity for every fixed cycle. 

[0041] Consequently, by the sample of the above-mentioned example of comparison, it turns out 
to electric discharge quantity of electricity having become 80% or less of initial value in 20 times 
of charge-and-discharge cycles that electric discharge quantity of electricity holds 80% or more 
of initial value in the same charge— and— discharge cycle, and it excels in the cycle property by 
the sample of the above-mentioned example. That is, by infiltrating a solid polymer electrolyte 
into the opening which exists in a solid electrolyte and an electrode, and carrying out a 
polymerization to it shows that could make the touch area of a solid electrolyte and an electrode 
increase, and movement of the lithium ion accompanying a charge-and-discharge reaction 
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became smooth. 

[0042] In addition, this invention is not limited to what was shown in the above - mentioned 
operation gestalt, in the range which does not deviate from the summary, is changed suitably and 
can be carried out. 

[0043] 

[Effect of the Invention] As mentioned above, all the solid-state lithium secondary batteries of 
this invention Since the solid electrolyte and the solid polymer electrolyte which contains a 
solute in an electrode were infiltrated and the polymerization was carried out, while the organic 
system electrolytic solution becomes unnecessary, and a liquid spill does not occur but safety 
improves Since a solid polymer electrolyte exists in the opening of a solid electrolyte particle or 
an electrode active material particle, while it can increase the touch area of a solid electrolyte 
and an electrode and movement of the lithium ion accompanying a charge - and- discharge 
reaction becomes smooth The internal resistance of a rechargeable battery can be reduced and 
it can consider as all the solid-state lithium secondary batteries that are excellent in a 
rechargeable battery property, especially a cycle property. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing 1 operation gestalt of all the solid-state lithium 
secondary batteries concerning this invention. 

[Description of Notations] 

1 [ ... A negative electrode, 4 / ... The electrode of a couple 5 / ... Solid electrolyte ] All 

solid-state lithium secondary batteries, 2 ... A positive electrode, 3 



[Translation done.] 
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DRAWINGS 



[Drawing 11 
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